WE CLAIM: 



1 . An electrochemical sensor, comprising: 
a substrate; 

a recessed chalinel formed in a surface of the substrate; and 
a conductive paterial disposed in the recessed channel and forming a working 
electrode. 

2. The* electrochemical sensor of claim 1, further comprising an electron 
transfer agent disnosed on the working electrode to transfer electrons between the 
working electrodq and the analyte. 




3. The electirahem/cal sensor of claim 2, further comprising a catalyst 
wherein the electron twsfier aEenTEfansfers electrons between the working electrode 
and the analyte via th^e^talyst. 

Jf. The electrochemical sehsVr of claim^ wherein the electron transfer 
agent is nonleachably disposed on the wonting electrode. 

3& \ & 

¥. The electrochemical sensor of o|aimj< wherein the electron transfer 
agent is immobilized on the working electrode 

The electrochemical sensor of cl^nL2fwherein at least 90% of the 
electron transfer agent remains disposed on the working electrode after immersion in 
interstitial fluid at 37°C for 24 hours. 

/. The electrochemical sensor of claimjSf wherein at least 99% of the 
electron transfer agent remains disposed on the working el'ectrode after immersion in 
interstitial fluid at 37°C for 24 hours. 
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The electrochemical sensor onclaim^f wherein at least 90% of the 
electron transfer agent remains disposed on the working electrode after immersion in 
interstitial fluid at 37°C for 72 hours. "T\\ ^ 

^ The electrochemical sensor of cmnwf wherein the electron transfer 
agent is immobilized in a sol-gel material. *\ 



10. The eld trochemical 
sensor is configured fi|r 



11. Theele 
sensor is configured fo[r 



13. The ele< 



sensor of claim 1, wherein the electrochemical 
in vivo operation. 



trochemical sensor of claim 1, wherein the electrochemical 
in vitro operation. 



12. The electrochemical sensor of claim 1 5 wherein the substrate is a 
polymeric material. 



trochemical sensor of claim 1, wherein the substrate is flexible. 



14. The elec trochemical sensor of claim 1, wherein the substrate is planar. 

15. The elec trochemical sensor of claim 1 , wherein the surface of the 
substrate comprises a \\ide portion and a narrow portion, the narrow portion being 
configured for implants tion into a patient. 

Jtf. The electrochemical sensor \f claim 15, wherein the narrow portion has a 
width of 0.5 mm or less. 

yf? The electrochemical sensor ofWaim X wherein the recessed channel has 
a width of 250 fim or less. 
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j^T The electrochemical sensor of claim X wherein the recessed channel has 
a width of 100 jam or less. 

b ~ \\? ^ 

\$f. The electrochemical sens^tyr slaim X wherein the recessed channel has 
a width of 50 jam or less. 



comprises a m< :tal. 




The electrochemical sensor of claim 1 5 wherein the conductive material 



21. 

comprises carbtm 



22. 



The electrochemical sensor of claim 1 , wherein the conductive material 



1- 



The electrochemical sensor of claim 1, further comprising a catalyst for 
catalyzing a reaction of an analyte, the catalyst being disposed proximate to the working 
electrode. 

Le, 

J'' ' 

The electrochemical sensor of claim ^ 5 wherein the catalyst is disposed 
on the working electrode. 

^4? The electrochemical sensor of claim 3^ further comprising an electron 
transfer agent disposed on the working electrode. 

✓ & - ' 

%d. The electrochemical sensor of claim 2^, wherein at least a portion of the 
catalyst is in contact with the electron transfer agent. 

X The electrochemica. sensor of Cai^wherein fte C a,a,ys, is 

nonleachably disposed within the electrochemical sensor. 



\V ' k . 

x ^7. The electrochemical sensor of claim 22^ wherein the catalyst is 



immobilized within the electrochemical sensor. 



The electrochemical sensor of claim wherein the catalyst comprises 

an enzyme. 

I ^ 'iff. The electrochemical sensor of claim 2{f, wherein the enzyme is an 
oxidase or a dehydrogenase. 

1^' }€. The electrochemical sensor of claim wherein the analyte is glucose 
and the enzyme is oligosaccharide dehydrogenase, PQQ-glucose dehydrogenase, or 
glucose oxidase. 

\^ ' The electrochemical sensor of claim ^2, further comprising a second 

catalyst for catalyzing a reaction of a product compound formed in the reaction of the 
analyte. 

6 

|Vf yi. The electrochemical sensor of claim wherein the product compound 
comprises hydrogen peroxide and the second catalyst comprises a peroxidase. 

33. The electrochemical sensor of claim 1, further comprising a 
biocompatible aoating disposed over at least a portion of the working electrode. 

34. Tme electrochemical sensor of claim 1, further comprising a mass 
transport limitingllayer disposed over at least a portion of the working electrode to limit 
transport of an analyte to the working electrode. 



An analyte responsive electrochemical sensor comprising a working 
electrode and a mass transport limiting membrane, which mass transport limiting 
membrane maintains a rate of permeation of the analyte through the mass transport 
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limiting membrane with a variation of no more than 3% per °C at temperatures ranging 
from 30°C to 40°C. 

36. * The electrochemical sensor of claim 34, wherein a rate of permeation of 
the analyte through the mass transport limiting layer varies by no more than 1% per °C 
for temperatures ranging from 30°C to 40°C. 

37. / The electrochemical sensor of claim 34, wherein the mass transport 
limiting layer comprises a membrane having a plurality of track etched pores. 



38. I The electrochemical sensor of claim 34, wherein the mass transport 
limiting layer absorbs 5 wt.% or less of water at 37°C when in contact with interstitial 
fluid for 24mours. 

}SC The electrochemical sensor of claim -^further comprising a second 
recessed channel and a second conductive material disposed in the recessed channel, the 
second conductive material forming a counter electrode. 

*!> V is> 

jW. The electrochemical sensor of claim yf, wherein the second conductive 
material is the same as the first conductive material 

w ■ & 

The electrochemical sensor of cterm-3#3 wherein the counter electrode is 
also a reference electrode. 

42. The electrochemical sensor ofclaim ^further comprising a third 
recessed channel and a third conductive material disposed in the channel, the third 
conductive material forming a reference electrode. 

ffi. The electrochemical sensor of claim ^2, wherein the third conductive 
material is the same as the first conductive material. 
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^ The electrochemical sensor of claim 42, wherein the third conductive 



material comprises a silver species. \ 



urn i 



The electrochemical sensor of claim further comprising an additional 
recessed channel with conductive material disposed in the additional recessed channel to 
form an additional working electrode. 

I* \\ \ j*i 

4£^ The electrochemical sensor ort\mm4^, wherein a sensing layer is 
disposed proximate to the additional working electrode. 

it k 

47. The electrochemical sensor of claim 45^ wherein the additional working 
electrode is configured within the electrochemical sensor t^ provide a background 
signal. 

48. The elec rochemical sensor of claim 1, further comprising a temperature 
probe disposed on the substrate, the temperature probe having a plurality of spaced- 
apart probe leads and a 1 emperature-dependent element in contact with the spaced-apart 
probe leads, the tempers ture-dependent element comprising a material having a 
temperature-dependent characteristic that produces a change in a signal of the 
temperature probe in response to a change in temperature. 

The electrochemical senior of claim wherein the temperature- 
dependent characteristic comprises a\res&taaQe of the probe element. 



The electrochemical sei 
temperature-dependent element comprii 



lor slaim 48^ wherein the material of the 
res carbon. 
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5^. The electrochemical sensor of claim 48, wherein the temperature- 
dependent element comprises a conductive material with a smaller cross-section than 
the probe leads. 

The electrochemical sensp\ oJ^ami 4#f wherein the temperature- 
dependent element is disposed in a recess^ chapnel on a surface of the substrate. 

5#!* The electrochemical sensor of claim 48s wherein the probe leads are 
disposed in recessed channels on a surface of the substrate. 



sensor is configun 



54. Th^ electrochemical sensor of claim 1, wherein the analyte is glucose. 



55. Th ; electrochemical sensor of claim 1 , wherein the electrochemical 



d for implantation into an animal and an anticlotting agent is 



disposed on a portion of the substrate that is configured for implantation. 

56. Thelelectrochemical sensor of claim 1 , wherein the substrate is flexible. 

57. The electrochemical sensor of claim 1, further comprising laccase 
disposed proximatelto the working electrode to monitor a level of oxygen in a fluid. 



58. An ejectrochemical sensor, comprising: 
a substrate; 

a plurality ofl recessed channels formed in at least one surface of the substrate; 



and 



a conductive material disposed in each of the recessed channels, the conductive 
material in at least ome of the recessed channels forming a working electrode. 



59. The el© 



sensor of claim 58, wherein the substrate is flexible. 



* 



60. ' The electrochemical sensor oi claim 58, wherein a width of the recessed 
channel forming the working electrode is 250|wn or less. 

61 . The electrochemical sei/sor of claim 58, wherein a width of the recessed 
channel forming the working electrode is 100|im or less. 

62. The electrochemical sensor of claim 58, wherein a width of the recessed 
channel forming the working d^ctrode ispOjim or less. 

63. The eleOTO^emical\sensor of claim 58, further comprising an electron 
transfer agent disposed on the Working electrode. 



64. The electrochemical sensor of claim 58, further comprising a catalyst 
disposed proximately to the working electrode to catalyze a reaction of the analyte. 



fro. The electrochemical sensor of claim 5#, wherein the plurality of recessed 
channels are formed in a same surface \{ the substrate. 

& \ & 

po. The electrochemical sensor^f claim 5#, wherein at least two of the 
plurality of recessed channels are formed on different surfaces of the substrate. 



The electrochemical sensor of claim #^vherein the different surfaces of 
the substrate are opposing surfaces of the substrate. 

^ \ A A 

The electrochemical sensor of claim^S^/mrther comprising a counter 
electrode formed in a one of the plurality of receissgcLchannels. 



i$8,\furtl] 



The electrochemical sensor of claim $8, \further comprising a reference 
electrode formed in a one of the plurality of recessed channels. 





electrochemical sensor of claim 69, wherein the reference electrode 
surface of the substrate and the working electrode is formed on a 
of the substrate, the first and second surfaces being opposing surfaces of 



The electrochemical Wisor of claim ?(T 5 further comprising a via formed 
in the substrate between the first and second surfaces, conductive material being 
disposed in the via and in conductive communication with a one of the working 
electrode or reference electrode. 



3*- 



The electrochemical sensor of clai 
probe disposed on a surface of the substrate. 




comprising a temperature 



The electrochemical sensor of ckfim wherein the temperature probe is 



disposed on a first surface of the substrate and the working electrode is disposed on a 



second surface of the substrate. 



74. A^method of determining a level of an analyte in a fluid, the method 
comprising: 

contacting the fluid with an electrochemical sensor, the sensor comprising a 
substrate, a recess&d channel formed in the substrate, and conductive material deposited 
in the recessed chapiel to form a working electrode; 

generating \n electrical signal in the sensor in response to the presence of the 
analyte; and 

determining\a level of the analyte from the electrical signal. 

itf! The method of claim T^ff^hei^n contacting the fluid with an 
electrochemical sensor comprises implanting tfte electrochemical sensor in an animal so 
that the electrochemical sensor is in contact witft a hpdy fluid of the animal. 




2#T The method of claim 25*, wherein implanting the electrochemical sensor 
in an animal comprises subcutaneously imVanting the electrochemical sensor in the 
animal so that the electrochemical sensor is i\contact with the interstitial fluid of the 
animal. 



Ttf*. The method of claim 74, wherein i 



electrochemical sensor comprises contacting an in \itr* 
electrochemical sensor. 



nt^ctingjthe fluid with an 

pie of a body fluid with the 



5+ 



The method of claim J^f, wherein the in vitro sample has a volume of less 



than 1 jjJL. 



79. A temperature sensor, comprising: 
a substrate; 

a recessed channel forfned on the surface of the substrate; and 
a temperature probeyflisposed in the recessed channel, the temperature probe 
comprising two probe leacjs disposed in spaced apart portions of the recessed channel 
and temperatoe-dependefefekment disposed in the recessed channel and in contact with 
the two probe leads, tm temperature-dependent element comprising a material having a 
temperature-depend/fejat characteristic that changes a signal of the temperature probe in 
response to a chang£ in t^hiperature. 



80. The temperature sensor of claim 79, wherein the temperature-dependent 
characteristic ip a resistance of the probe element. 



8 1 . \ An electrochemical sensor for determining a level of an analyte in a 
fluid, comprising: 
a substrate; 




a recessed channel formed in a surface of the substrate; 
a conductiv^ material disposed in the recessed channel and forming a working 
electrode; and 

a catalystfdisposed proximally to the working electrode to catalyze a reaction of 
the analyte resulting in a change in a level of a second compound; 

wherein the electrochemical sensor is responsive to the level of the second 
compound in me fluid. 



The electrochemical sensor 
comprises a co-reactant in the reaction 



The electrochemical sensor 




£2^ The electrochemical sensbr of claim further comprising a second 
catalyst which catalyzes a reaction of the \econd compound to generate a signal at the 
working electrode. 



wherein the second compound 



comprises a product compound of the reaction of the analyte. 



^ wherein the second compound 



85. A method of determining a level of an analyte in a fluid, comprising: 
contacting the fluid wjlfo-g^ electrochemical sensor, the electrochemical sensor 
having a substrate, a recessed ^annjel formed in a surface of the substrate, a conductive 
material disposed in the recessed channel and forming a working electrode, and a 
catalyst disposed praximafly tty^tne-wOfKing electrode; 

changing a leve/of fl second compound in the fluid by a reaction of the analyte 
catalyzed by the cat. 

generating if signal in response to the level of the second compound; and 
determining the level of the analyte from the signal. 




86. The method of claim 85, wherein the second compound is a co-reactant 
with the analyte and changing the level of the /econd compound comprises decreasing 
the level of the second compound by reaction of the second compound with the analyte. 

87. The method of claim 86, wherein the analyte is glucose and the second 
compound is oxygen. / 

88. The method of claim 85, wherein the second compound is a product 
compound of the reaction of the anaflyte and changing the level of the second compound 
comprises increasing the level of me second compound by reaction of the analyte to 
form the second compound. / 

89. The method oj claim 88, wherein the analyte is glucose and the second 
compound is hydrogen peroxide. 

90 The method of claim 85, wherein the electrochemical sensor further 
comprises a second coalyst disoosed*proximate to the working electrode and generating 
a signal comprises reacting the product compound in the presence of the second 
catalyst. /V^^ 

91 . The method of claim 90, wherein the second compound comprises 
hydrogen pervade and the second catalyst comprises a peroxidase. 

# ^ An electrochemical sensor, comprising: 



a substrate; and 

a working electrode disposed on the substrate, the working electrode comprising 

a carbon material and having a width along at least a portion of the working electrode of 

150 \im or less. 




ft. The electrochemical sensor of claim ^wherein a width along at least a 
portion of the working electrode is 75 jam or less. 

' The electrochemical sensor of claim wherein a width along at least a 

portion of the working electrode is 25 jxm or less. 

^0. $6. The electrochemical sensor of claim 92, wherein the substrate is flexible. 

$ * The electrochemical sensor of claim ^ further comprising a second 

electrode disposed next to the working electrode, the second electrode and working 
electrode being disposed 150 |im or less apart. 

^ v 

97. y he electrochemical sensor of claim 92, wherein the working electrode is 
disposed in a channel formed on a surface of the substrate. 



^3* ^8? The electrochemical sensor of claim '.92, wherein the working electrode is 
formed by transferring, to the substrate, carbon material electrically attracted to a drum 
in an image of the working electrode. 

The electrochemical sensor of claim 95^ wherein the working electrode is 
formed by transferring, to the substrate, carbon material magnetically attracted to a 
drum in an image of the working electrode. 

at> a/ 

°* ]JEK). The electrochemical sensor of claim S^ 5 wherein the working electrode is 
formed by transferring the carbon material from a film onto the substrate using a print 
head. 



The electrochemical sensor of claim ^ wherein the working electrode is 
formed by ejecting carbon material onto the substrate. 



• * 



The electrochemical sensor of claim 92f wherein the working electrode is 
formed by depositing a curable coating on the substrate, curing portions of the curable 
coating to form a channel, and depositing carbon material in the channel to form the 
working electrode. 



A subcutaneously implantable sensor, comprising: 
a substrate; and 

conductive material non-l&achably disposed on the substrate to form a^veriang 
electrode, the conductive material comprising carbon; and 

an enzyme non-leachably disposed proximate to the working electrode. 



lpC An electrochemical sensqr, comprising: 
a substrate; and 

conductive material disposed on a sWface of the substrate to form a plurality of 
traces, at least one of the traces forming^ working electrode; 

wherein the plurality of conductive im^are separated on the surface of the 
substrate by 150 jam or less. 

eft \\ V/fe# 

ip£ The electrochemical sensor of ^laim 104, wherein the plurality of 
conductive traces are separated on the surfape of the\substrate by 50 \xm or less. 

1^0. The electrochemical sensor of claim 1P4, further comprising conductive 
material disposed on a second surface of the sensor to fojm one or more additional 
conductive traces. 

1P7. An electrochemical sensor, comprising: 
a substrate; and 

conductive material disposed on a surface of the substrate to form a plurality of 
traces, at least one of the traces forming a working electrode; 
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wherein the plurality of condlctive traces are disposed on the surface of the 
substrate at a density, along a width o5f the substrate, of 667 |am/trace or less. 

f \ J* 

Ipo. The electrochemical sensor of claim L07, wherein the plurality of 
conductive traces are disposed on the surface of the substrate at a density, along a width 
of the substrate, of 167 jam/trace or less. 

An electrochemical sensor comprising: 
a substrate, 

conductive material disposed on the substratfe to form a working electrode; and 
a contact pad disposed on the substrateWd connected to the working electrode, 
the contact pad comprising a non-metallic conquctivfe^aterial. 

1 yS. The electrochemical sensor of claim L09, v^herein tljLe non-metallic 
conductive material of the contact pad comprises\carbon. 

IJn The electrochemical sensor of claim lP^wher^in the working electrode 
is disposed on a first surface of the substrate and th^contact pad is disposed on a second 
surface of the substrate, the substrate having a via with conductive material disposed 
therein, wherein the working electrode and contact pad are coupled in conductive 
communication through the via. 

\yi. An analyte monitoring system, comprising: 

a sensor having a substrate, a working electrode disposed on fee substrate, and a 
contact pad coupled to the working electrode; and \ 

a control unit having a conductive contact coupled to the working electrode, the 
control unit being configured to apply a potential across the working electrode; 

wherein at least one of the contact pad and the conductive contact comprises a 
non-metallic material. 




P# The analyte monitorjng system of claim U2, wherein the non-metallic 
material comprises carbon. 

$ \ ij? 

ly]4. The analyte monitoring\system of claim lju, wherein the non-metallic 
material comprises graphite or vitreous carbon. 



4" 



1^£ The analyte monitoring system of claim 1>£ wherein an other of the 
contact pad and the conductive contact comprises gold, palladium, a platinum group 
metal or ruthenium dioxide. 

\\v % 

1 J^T The analyte monitoring systonpfcQlaim l>z, wherein, when the contact 
pad and conductive contact are placed in contact, immersed in a 1 mM NaCl solution 
and a potential is applied, a signal resulting from\the^x>rrosion of the contact pad and 
the conductive contact is 3% or less of a signaj^n^ing from electrolysis of an analyte in 
a solution having a concentration of the anajyte within an expected physiological range. 

ioi- \ flr 

1 The analyte monitoring system of claim 1 wherein, when the contact 
pad and conductive contact are placed in contact, immersed in a 100 mM NaCl solution, 
and a potential is applied, a signal resulting from the corrosion of the contact pad and 
the conductive contact is 3% or less of a signal arising from electrolysis of an analyte in 
a solution having a concentration of the analyte within anVxpected physiological range. 



118. A method of determining a level of an analyte in an animal, comprising: 
implanting a sensor in thXanimal, the sensor comprising a substrate, a plurality 
of conductive traces disposed on th^sub)strate, and a working electrode formed from a 
one of the plurality of conductive 

generating a signal at the woVldn^selectrode in response to the analyte; 
analyzing the signal to determine a level of the analyte; and 
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producing an electrical current tnTOugha portion of the animal, if the level of the 
analyte exceeds a threshold amount, to V^m&e animal, the electrical current is 
produced by applying a potential betweei\t\o of the conductive traces 

1 The method of claita tf&, wherein the potential ranges from 1 to 10 

volts. 

1 20; The method of clainri^, wherein the electrical current ranges from 0. 1 
to 1 mA. 

\yi The method of claim \%$\ wherein the plurality of conductive traces 
comprises at least three conductive tracesWathe potential is provided between two 
conductive traces which do not form the working electrode. 



- _ 122. An electrochemical sensor, comprising: 

a substrate; / 

v-\ \ L [ a conductive material disposed on the substrate to form a working electrode; and 

Vj\ catalyst dispersed in the conductive material, the catalyst catalyzing a reaction of 

the analyte to generate a signal at the working electrode. 



123. The electrochemical sensor of claim 122, wherein the conductive 
material is carbon. 



124. The electrochemical sensor of claim 122, wherein the catalyst is an 



enzyme. 



125. Ther electrochemical sensor of claim 122, further comprising a binder 
dispersed in the conductive material. 
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